This is a systematic study of the possibility of creating multi-frequency matched acousto-optic light lters and constructing on new basic principles of the non-coherent optical transmission systems with optical code division multiple accesses and hyperspectral sensors for remote sensing using pre-detector optimal ltering of optical information.
Introduction
Modern acousto-optics (AO) is a highly advanced scientic and technical direction, having a wide range of practical applications. The physical basis for the majority of AO applications is the eect of synchronous interaction of sound and light waves in their joint propagation in photoelastic medium, which results in the diraction of the incident light [14] . Eciency of AO diraction in this case may be quite high (up to ≈ 100%), the angles 
The fundamental physical researches in the eld of ltering of optical signals and images
The rst publications on the operating principles and some of the major schemes for constructing tunable AO lters of optical radiation, in which the spectral bandpass ltering of light was carried out by a sequential (sometimes arbitrary) time adjustment of the sound central frequency [5, 6] , appeared more than 40 years ago.
The operation of such devices is based on the main condition for high performance AO diraction the Bragg matching for wavelengths of light and sound, from which it follows that the angle of light deection is related to the wavelength of light λ and the sound frequency f S by the relation θ = F (λf S ), which implies that for a xed angle of diraction λf S = const.
In the early 1990s some ideas appeared about how to use the AO interaction in planar and strip waveguide structures, which provides coupling between the multifrequency sound and multi-wavelength light, making it possible to perform operations of scalar multiplication Having analyzed the dependence of the vertical size of the two gaps (the rst one between areas 1 and 2, and the second between areas 2 and 3) on the interval between the spectral components λ i , one can conclude that ∆λ/∆λ R value equal to two-or threefold Rayleigh criterion is optimal from the point of view of the correct decision probability increasing at the minimum width of the used spectral range.
It should be noted that the calculation accuracy of the auto-and cross-correlation functions for spectral binary code sequences, naturally, requires the implementation of a suciently high identity of their signicant spectral components amplitudes, which is a particular problem at the stage of signal synthesis at the encoder, since the required spectral signal range is usually comparable to the LED envelope energy spectrum width.
For this reason the method of the one's code components equalization on the example of the AO generator based on the use of the non-collinear geometry AO interaction in TeO 2 and commercially available light-emitting diode in the near infrared wavelength range (900 to 980 nm) has been studied. Figure 3 shows results of LED continuous power spectrum measurements (dotted line) and its equalization, representing the worst case from ve 8-bit Walsh functions, used at the measurements. 
where C 0 a constant depending on the parameters of the medium and the geometry of AO interaction,
i the value of the phase mismatch of AO interaction synchronism, L the length of AO interaction, P S (λ i ) the sound power at frequency f i at carrying out the spectral ltering of light with wavelength λ i , taking into account the relation λ i = ∆nV S /f i , where ∆n = n e − n o optical anisotropy factor and the V S the phase velocity of sound in crystal, respectively.
From this it follows that when passing through MAOF with the spectral characteristic F (λ) the input spectrum is multiplied scalarwise by the lter spectrum function,
i.e. output signal undergoes complex ltering. For example, for the signal from an object A in we obtain at the lter output
That is after passing through the lter all of the light reected from the background and the object areas, with its subsequent photoelectric conversion and detection, the output power is obtained by the sum of the two ltered signals
To solve this problem it is required, in general, to split all the light into two equal beams and simultaneously perform their AO-ltration using two identical MAOF (see Fig. 4 ) in which ltration procedures should be matched the normalized spectra of the signals, corresponding to the presupposed type of the object A in and the specied type of background B 0 : (4) where N SEL the number of spectral lines, selected from etalon reection coecients tables and R In this case, it is simplest to carry out measurements using MAOF-1 and MAOF-2 lters (channels 1 and 2
in Fig. 4) , which adapted respectively to the optimal ltering of any of the possible hypotheses A in and to the background signal B 0 . From these measurements we can immediately determine the most probable type of the identied object A j (j = 1, 2, ... N ).
Indeed, according to Eq. (3) one can obtain after ltering
where I * 1,2 = I 1,2 / (W 0 Φ 0 η max ),
The solution of Eqs. (5) and (6) In this case, the signal-to-noise ratio provides a threshold for making the decision concerning the received bit value.
It is also shown that at an optimal choice of the acoustic signal spectra, the considered asynchronous data transmission system with the selected 16-bit length 
